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Description

The invention relates to methods of inspecting
or testing pattern masks, such as are used in the
production of printed circuits. )

U.S. Specification No. 4,218,142 (Kryger) de-
scribes a method of testing a mask, such as a
photo-lithographic mask used in the prosecution
of printed circuits and comprising optically trans-
parent and opaque areas. The kryger method com-
prises incrementally scanning the mask with a
laser beam focussed in a spot having approxi-
mately the size of deflects to be detected, detecting
the transmitted light to form an electrical signal
representing an image of the scanned mask and
comparing the image signal with a master signal
to detect differences therebetween. Such
differences are indicative of defects.

The Applicants have appreciated that the Kryger
method has disadvantages in that his approach
does not test the maskin the same environmentin
which the mask is to be used. As a result, transient
defects which do not survive through the de-
veloped print are detected. In addition, other
defects that may be added or changed are not
detected.

IBM Technical Disclosure Builetin, Vol. 16, No.
11, April 1974, pages 3660 and 3661 discloses a
method of testing or inspecting a glass mask by
generating two single segment masks, making
positive and negative photoprints thereof,
aligning the positive print of one mask and the
negative print of the other, and inspecting to deter-
mine if light passes through any part of them.

IEEE Journal of Solid-State Circuits, Vol. SC-15
(1980) August, No. 4, pages 386 to 396 describes
basic technology for VLSI, including high-speed
electron-beam pattern delineators, electron-beam
mask inspection and electron-beam projection
systems. A conductive mask is described as used
because of its electron-beam backscattering effect.

Itis a primary object of this invention to provide
an improved method of testing or inspecting a
photolithographic mask.

It is another object of this invention to provide a
method of testing or inspecting masks in which the
contrast for optimum detection of defects can be
optimized by material selection.

it is yet another object of this invention to
provide a method of testing or inspecting a mask
as it is used in situ.

It is still a further object of this invention to
provide a method of testing or inspecting the mask
without subjecting the mask to additional defects
introduced by the inspection process.

It is yet a further object of this invention to pro-
vide a method of testing or inspecting masks that
eliminate false defects and enhances the true
defects.

Accordingly, the invention provides a method of
testing or inspecting a photolithographic mask
comprising a pattern of areas of contrasting trans-
parency formed by an electron beam scanned over
a blank of the mask and controlled in accordance
with write-pattern-data, said method being
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characterised by using the mask to make a copy of
the mask pattern on a substrate, the copy being
readable by an electron beam, scanning the copy
with an electron beam controlled by the same
write-pattern-data, and detecting points of
coincidence or non-coincidence between the scan-
ning beam pattern and the copy pattern.

The invention includes the steps of forming a
print of the electron beam fabricated mask and
then inspecting the print by writing the same elec-
tron beam pattern or complement thereof on the
print and detecting pattern coincidence or non-
coincidence with a vector scan system. In a
preferred embodiment, the mask is printed on a
semi-conducting substrate such as a silicon wafer
in the same manner that the mask is normalily
used. For example, the wafer is coated with a
photoresist suitable for a lift-off procedure. Re-
moval of the lift-off photoresist leaves a print ofthe
mask in a material such as fold having a high con-
trast to electrons used in the vector scan. A corre-
sponding electron beam pattern formed from the
same pattern data used to form the mask is over-
laid and registered with the print. The points of
coincidence of noncoincidence of the electron
beam pattern with respect to the print are then
detected by utilizing the vector scan system.

Methods in accordance with the invention using
a printed sample of the mask for inspection result
in several desirable features. One advantage is
that the contrast for inspection can be selected by
proper materials and system parameters for op-
timum detection of defects. Another advantage is
thatthe mask itselfis really tested as it is used, that
is, in situ, and thus it is a real evaluation of what
defects find their way onto the wafers. Another
advantage is that the mask can remain in produc-
tion and is not subject to additional defects intro-
duced by the inspection process. A further advan-
tage is that the inspection can be done auto-
matically by electron beams without the need for
special coatings on the mask which could possibly
add new defects. A further advantage is that
because ofthe speed ofthe electron beam system,
several “images’ can be compared to one another -
to eliminate the false defects and enhance the true
defects.

The invention will now be further described with
reference to the accompanying drawings, in
which:—

FIG. 1A is a cross-sectional view of a mask to be
tested;

FIGS. 2A—2D are cross-sectional views showing
the steps of forming a print from the mask;

FIG. 3 Is a block diagram in outline of a mask
inspection system for one embodiment of method
according to the invention; and

FIG. 4 is a plan view of a substrate which has
been exposed through a mask.

As shown in Fig. 1, a mask 10 consists of a glass
substrate 11 and a metal pattern 12. A preferred
metal for the pattern 12 is chromium. The mask 10
is to be inspected to see if there are any defects in
the pattern 12.

A print of the mask 10 is formed or printed on a
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semiconducting substrate 14 such as a silicon
wafer by conventional techniques. Typically this
includes using, for example, two lift-off photo-
resist layers 16 and 18 which have different
optical sensitivities. After the photoresist layers
16 and 18 are exposed as shown in Fig. 2A, they
are developed to provide the structure shown in
Fig. 2B. A layer 20 of a high contrast material, that
is, having a high contrast to electrons used in a
subsequent vector scan at a suitable operating
voltage, is deposited on top of and in the open-
ings in photoresist layer 18 as shown in Fig. 2C.
The photoresist layers are then removed to pro-
vide the print 22. The print 22 consists of the
portion of the metal layer 20 on the surface of the
semiconducting substrate 14 as shown in Fig. 2D.
A preferred material for the printed pattern 20 is
gold. Gold provides a high conirast with the sub-
strate material 14 in the video signal sub-
sequently produced. Because of the use of the
high contrast material such as gold and the use of
a high electron beam current, it is not necessary
for signal averaging or complex signal processing
in the vector scan system.

A diagram of a system for performing a method
of inspecting a mask embodying the invention is
shown in Fig. 3. The print 20 of the mask (not
shown in Fig. 3) is on the substrate 14. The sub-
strate 14 is positioned on an X, Y stage 24 or other
mechanism for controlied movement of the sub-
strate 14 separately in the Y direction and the X
direction. The X, Y movements permit the entire
area of the mask print on the substrate 14 to be
moved into and through an inspection zone. A
source 26 provides an electron beam 28. The
beam is controlled by scan control means 30 to
sweep across a portion of the mask print on the
substrate 14 on stage 24.

The electron beam 28 is defiected by deflection
coil 35 energised through digital to analog con-
verter 32 and amplifier 34. The beam is deflected
in a vector scan mode so as to scan theprinted
shapes on the substrate 14. The shapes on the
substrate 14 scatter electrons to the detector 37
and the detected signals are amplified by the
video amplifier 36. The pattern generator 30A
which is “rewriting” the shape which is being
checked/verified generates a “beam-on’ signal
which is compared with the back-scattered signal
50 via comparator 38. If a defect such as a
"missing shape’” is found, then the pattern
generator 30A would provide a high signal and,
because of the absence of the shape no back-
scattering occurs, the detector 37 would provide
no video signal. Consequently, the compare is
positive (no match) — a defect was found. The
output from the compare 38 is validated in AND
circuit 40 by coincidence of “compare valid” and
compare 38 ocutput. The result is stored in mem-
ory 42 along with the addresses (digital) of the
shape scan so that the defect can be catalogued
for further analysis.

Thus, in this example a mask, which has been
fabricated by scanning an original opaque mask
blank with an electron beam controlled in accord-
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ance with stored data representative of the mask
to be fabricated, is tested by a method that com-
prises forming a print of the mask, for example by
fold deposition through the mask, and then in-
specting the print by writing the same electron
beam pattern or the complement thereof on the
print and detecting pattern coincidences or non-
coincidences with a vector scanning system.

The advantage of this mask inspection system
over conventional systems is the inherent speed
of electron beam systems. In this novel appli-
cation of mask inspection, an inspection is made,
not of the original mask, but of a copy printed
from the mask by, for example, X-ray lithography.
The reason for examining the print or copy of the
mask rather than the mask itself is that the con-
cern is not with mask defects per se, but rather
with printable mask defects. The defects which
are printable can differ markedly from the defects
of the mask itself because light atomic dirt par-
ticles may not print as defects at all, whereas they
would be significant defects when viewed in an
optical microscope. On the mask copy repeating
defects can be looked for — a defect which does
not repeat copy to copy is a copy defect and not
inherent in the mask itself. A repeating defect is a
mask defect.

The wafer or sample 14 is placed in the vector
scan system shown in Fig. 3 and the print on the
sample 14 is registered to the system using wafer
and chip mapping routines to scale the system
parameters to those of the wafer such as size,
orthogonality etc. After this is done, the vector
scan system will effectively overlay the printed
mask pattern with a virtual pattern written when
the system is instructed o write.

The conditions for pattern “write’” to do the
inspection i.e. to overlay the printed mask pattern
with the virtual pattern, such as the beam clock
rate, step size, etc,, can be set to optimize the
relationship between resolution at time of inspec-
tion and time to do the inspection. The pattern to
“write’ for inspection is really two patterns; the
first pattern is the positive image, exactly what
was clear on the mask (13 in Fig. 1}, and the
second pattern is the negative image, that is, what
was opaque 12 on the mask. The first pattern will
test for the opaque areas 12 in the mask that
should be clear and the second pattern will test
for the clear areas 13 in the mask (holes) that
should be opague.

When the video from the substrate print differs
at the sample time from the beam on signal, then
the compare circuit 38 will produce a positive
indication of a defect. The size of the defect can be
automaticaily met by recording the digital
addresses of the electron beam and laser system
automatically using zone detection circuits or
simply dumping the digital data into a memory.
The size of the defect detected, its smaliness, can
and would be set by the beam probe conditions
and the beam stepping size much the same way it
is now in writing a mask or wafer. Probably one-
haif the writing resolution is needed for the
inspection, that is, twice the beam stepping dis-
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tance, and thus inspection for both types of
defects should take about one-half the time to
write the original mask. It should be noted that the
technique disclosed here does not detect errors in
the digital input data for writing the original mask,
but rather defects introduced by the wet process,
resist, dirt, etc.

It is probable that defects will be discovered en
masse printed on the wafer that are not really in
the mask, but are associated with the wafer and
resist and lift-off of the high contrast material.
These are eliminated by inspecting two or more
wafers, that is maybe two fields or more on the
same wafer, and automatically comparing further
the digital zones of the two sets of errors after the
mask or groups of the mask have been inspected.
Some interesting signal processing can be done
at this point to detect true defects and reject
random defects that are associated with the trans-
fer process from mask to inspecting wafer.
Several options are available. First, compare after
the inspection is complete, the digital addresses
of found errors/defects with some tolerance limit,
for example, three microns that is 3 um., If there is
good agreement of the digital addresses, then it is
probable that the mask is bad. Secondly, if more
than two fields are compared, then digital signal
enhancement can be used where the frequency of
occurrence of a particular error address is
recorded. It is expected that the accuracy of
proper defect detection and recording is substan-
tially better than that presently obtained on cur-
rent production lines.

Fig. 4 is a plan view of a printed copy of a mask
o be tested, the areas 61 and 63 corresponding to
defects in the mask. The area 64 is a buffer area.

“When inspecting for mask defaults the vector
scan electron beam is directed to scan the pattern
areas of the print as illustrated in Fig. 4 as follows.
Suppose the mask area is that shown within the
bold line region 50. The areas 51, 53, 55, 57 and 59
{shown as rectangles but do not have to be, could
be polygons) are the intended clear areas of the
mask. The electron beam scans an area slightly
smaller than say area 51 and a default 61 is
detected as the absence of a section of the area
51. The other “clear areas” 53, 55, 57 and 59 are
likewise scanned and no defaults detected in this
example. Next, the opaque areas 52, 54, 56, 58
and 60 are scanned. In area 58 a large pin hole 63
is detected. A buffer area 64 equal to twice
tolerance zone 66 is unscanned.”

Claims

1. A method of testing or inspecting a photo-
lithographic mask comprising a pattern of areas
of contrasting transparency formed by an elec-
tron beam scanned over a blank of the mask and
controlled in accordance with write-pattern-data,
said method being characterised by using the
mask to make a copy of the mask pattern on a
substrate, the copy being readable by an electron
beam scanning the copy with an electron beam
controlled by the same write-pattern-data, and
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detecting points of coincidence or non-
coincidence between the scanning beam pattern
and the copy pattern.

2. A method as claimed in claim 1, further
characterised by forming a plurality of copies on
the substrate and comparing a point of
coincidence or non-coincidence on one copy with
at least one of said other copies.

3. A method as claimed in claim 1, or 2, in which
a vector scan system is used to detect points of
coincidence and non-coincidence.

4. Amethod as claimed in claim 1, 2 or 3, further
characterised in that instead of a corresponding
electron beam pattern the electron beam is con-
trolled by a complement from said pattern data.

5. Amethod as claimed in any one of claims 1 to
4, in which the copied pattern is made of gold.

Patentanspriiche

1. Verfahren zum Testen bzw. Kontrollieren
einer photolithographischen Maske mit einem
Muster von Fldchen gegensétzlicher Transparenz,
welches durch einen Elektronenstrahl gebildet
wird, der eine Leerstelle der Maske abtastet und
entsprechend der Schreib-Muster-Daten kontrol-
liert wird, dadurch gekennzeichnet, daf3 die Mas-
ke fur das Erstellen einer Kopie der Masken-
patrone auf einem Substrat verwendet wird,
wobei die Kopie von einem Elektronenstrahl gele-
sen werden kann, welcher die Kopie mit einem
von den gleichen Schreib-Muster-Daten kontrol-
lierten Elektronenstrahl abtastet, und daf
zwischen dem abtastenden Strahlenmuster und
dem Kopiemuster (bereinstimmende bzw. nicht-
(bereinstimmende Punkte festgestelilt werden.

2. Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dal} eine Vieizahl von Kopien auf dem
Substrat gebildet wird und ein {berein-
stimmender bzw. nichtlibereinstimmender Punkt
auf einer Kopie mit mindestens einer der anderen
Kopien verglichen wird.

3. Verfahren nach Anspruch 1 oder 2, dadurch
gekennzeichnet, dal3 Gbereinstimmende bzw.
nichtibereinstimmende Punkte mit Hilfe eines
Vektor-Abtastsystems festgestellt werden.

4, Verfahren nach Anspruch 1, 2 oder 3, da-
durch gekennzeichnet, da} der Elektronenstrahl
nicht mit einem entsprechenden Elektronen-
strahlmuster, sondern durch ein Komplement der
Musterdaten kontrolliert wird.

5. Verfahren nach einem der Anspriiche 1 bis 4,
dadurch gekennzeichnet, dafl die kopierte
Maskenpatrone aus Gold besteht.

Revendications

1. Méthode de test ou de contrdle de masques
photo-lithographiques comprenant un motif de
zones a transparence conirastée formeé au moyen
d’un faisceau électronique balayant un espace
blanc du masque et contrélé conformément a des
données de motif d'écriture, méthode carac-
térisée par I'utilisation du masque pour faire une
copie du motif de masque sur un substrat, la
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copie étant lisible par un balayage par faisceau
électronique de la copie avec un faisceau électro-
niqgue commandé par les mémes données de
motif d’écriture, et la détection de points de
coincidence ou de non coincidence entre les
motifs de faisceau de balayage et les motifs de la
copie.

2. Méthode selon la revendication 1 carac-
térisée en outre par le formation d'une pluralité
de copies sur le substrat et la comparaison d'un
point de coincidence ou de non coincidence sur
une copie avec au moins une des autres copies.
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3. Méthode seion la revendication 1 ou 2 dans
laquelle un systéme de balayage vectoriel est
utilisé pour détecter des points de coincidence st
de non coincidence.

4. Méthode selon les revendications 1, 2 ou 3
caractérisée en outre, en ce que, a la place d'un
motif de balayage électronique correspondant, le
faisceau électronique est controlé par un complé-
ment des données de motif.

5. Méthode selon l'une quelconque des reven-
dications 1 a 4 dans laquelle le motif copié est en
or.
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